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In several proposed processes'' 2J 3)* for recovering ammonia from coke-oven 
gas, the ammonia is absorbed in an aqueous solution that is subsequently stripped of 
its absorbed ammonia. If the stripping operation is performed at the normal boiling 
point of the solution and if the absorbent used is nonvolatfle, the vapors leaving the 
stripper will consist of ammonia and water at a pressure of 1 atmosphere. 
can then be fractionated to produce anhydrous ammonia. If the fractionation is per- 
formed at the original pressure of the vapor feed, the anhydrous ammonia lea- the 
top of the column would have to be condensed in a refrigerated condenser. The cost of 
refrigeration will in general make this process economically unattractive. 
the w d r o u s  ammonia must be produced in a column operating at a pressure high enough 
to permit ordinary cooling water to be used to condense the ammonia. 
square inch gauge (psig), ammonia condenses at approximately 100 F. With 80 F cooling 
water, the ammonia leaving the top of a fractionator operating at 200 psig can be 
condensed in a condenser with a 10 F approach and a 10 F cooling-water rise. 
bottoms of the fractionator will be essentially pure water, open steam would be used 
and, consequently, steam at approximately 200 psig could be used. 
sure is available at many plants.) 
a pressure of 1 atmosphere, in a column operating at 200 psig is complicated by the 
desire to utilize as much as possible of the latent heat already contained by the , 
vapor but at the same time to avoid hlgh vapor-compression costs. 
methods of accomplishing the fractionation are possible. 

These vapors 

Consequently, 

At 200 pounds per 

Since the 

(Steam at this pres- 
The fractionation of the vapor feeds, initially at 

Several alternative 
These are sham in Figures 1 

through 4. 

Method I 

As sham in Figure 1 the vapor, origindlly saturated at 14.7 psia, is com- 
pressed directly into a fractionator operating at 200 psig to produce an anhydrous- 
mnonia overhead. 
essentially saturated at that pressure. 

The vapor leaving the compressor at 200 psig is assumed to be 

Method I1 

As sham in Figure 2 the vapor, o r i g i n a l l y  at 14.7 psia, is first compressed 
only to a pressure where it can be readily condensed, and the condensate is then pumped 
into a fractionator operating at 200 psig to produce an anhydrous-ammonia overhead. 
condensate, pumped to 200 psig, is heated to its saturation temperature with the frac- 
tionator bottoms prior to entering the fractionator. It was chosen to compress the 
vapor to a pressure where the bubble point of its condensate is 100 F so that the vapor 
could be condensed Kith cooUng water available at 80 F in a condenser with a 10 F 
appmach and a 10 F cooling-water rise. 
can be totally condensed without ang compression if' it is lean enough. 
of 1 atmosphere, a vapor contain!= 25 per cent mnmonta can be totally condensed at 
about 100 F. Consequently, vapors Containing 25 per cent ammonia o r  less would be 
tot- condensed without any compression. 

The 

As a U t a  case of this method, the vapor 
At a pressure 

~ ~~ 

* See references. 
, 
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Method III 

AE shown i n  Figure 3 the  vapor is first par t ia l ly  condensed at atmospheric 
pressure, and the l i w d  and vapor portions a re  then p q e d  and compressed, respec- 
tively, i n to  a fractionator operating at 200 psig t o  produce an anhydrous-ammonia 
overhead. 
temperature with the fractionator bottoms pr ior  t o  entering the fractionator. 
vapor portion leaving the compressor a t  200 psi@; i s  assumed t o  be essentidlly 
saturated at  that pressure. 
point where the dew point of the vapor and the  bubble point of the resulting con- 
densate are  100 F so that the vapor could be par t ia l ly  condensed with cooling water 
available a t  80 F in a condenser with a 10 F approach and a 10 F cooling-water r i se .  
A t  a pressure of 1 atmosphere, a condensate contdning 25 per cent ammonia has a 
bubble point of 100F. 
w i t h  t h i s  c a e n s a t e   am^ w i ~  therefore contain 95.4 per  cent ammonia. 
ing case of this method, Ff the vapor contains 25 per  cent ammonia or less, the p a r t i d  
condenser becomes a t o t a l  condenser and no subsequent compression is required. Con- 
sequently, for feeds containing less than 25 per cent ammonia, t h i s  method degenerates 
t o  the same l i m i t i n g  case as did Method II. 
if the  vapor contains 95.4 per cent ammonia o r  more, no pa r t i a l  condensation xill 
occur, and t h i s  method w i l l  become ident ical  with Method I. 

The liquid portion, pumped t o  200 psig, i s  heated to its saturation 
The 

It w a s  chosen t o  par t ia l ly  corhense the vapor t o  a 

The vapor leaving the pa r t i a l  condenser w i l l  be in equFUbrium 
AS one Ilmit- 

As the other l i m i t i n g  case of this method, 

Method IV 

Instead of to taUy condensing feeds containing less than 25 per cent ammonia, 
as would be done in Methods 11 and 111, or simply compressing them in to  the fraction- 
ator, BB would be done in Method I, these lean feeds can f i r s t  be fed t o  a prefrac- 
t ionator  operating at atmospheric pressure and enriched t o  a composition that can s t i l l  
be to t a l ly  condensed with ordinary cooling water as shown in Figure 4. 
overhead leaving t h i s  f i rs t  u n i t  would then be pumped t o  200 psig and heated t o  i t s  
saturation temperature w i t h  the  water waste from the high-pressure fractionator. 
would then enter the high-pressure fractionator t o  produce an anhydrous-ammonia overhead. 

The condensed 

It 

In a l l  four methods, the vapor feeds at 1 atmosphere were assumed t o  be at 
t h e i r  saturation temperature. Actue;Lly, the ammonia-water vapors a r i s i n g  fmm the 
stripping of an armnonia-absorbing solution will often be somewhat superheated with 
respect t o  the i r  own dew point. 
heat wSU have very l i t t l e  effect  upon the condenser and fractionator calculations. 
%e results of calculations, which are t o  follow, were all based upon producing 1 ton 
per hour of ankydrous Rmmnll.Ia. 

However, the  s m a l l  amount of additional sensible 

In analyz ing the four fractionation methods described t o  ascertain in w h a t  
range of feed composition each i s  most economical, only u t i l i t y  costs were considered 
and capi ta l  costs were ignored. This could be done for two reasons. First, the 
capi ta l  costs were relat ively small compared with the u t i l i t y  costs. For example, 
the cost of the fractionating tower in terms of i t s  depreciation and maintenance 
per year, did not amouzlt t o  more than 5 per  cent of the  u t i l i t y  costs per year. Also, 
the  capi ta l  costs involved in all of t he  different  methods, especially i n  the ranges 
of feed compositions where the  methods were competitive with each other, were roughly 
e@, and thus were not a significant factor  in evaluating the different methods. 

The power reQuirements for compressing the vapor feed, o r i g i n a l l y  at 0 psig, 
in to  a fractionator a t  200 psig producing one ton per  hour of anhydrous ammonia are  
shown in Figure 5. 
hour at a l l  feed compositions, the  feed r a t e  wFU increase and the parer requirements 
wiU correspondingly r i s e  as the feed becomes increasbgly lean in ammonia. 

Since the ammonia content of the feed i s  essentially 1 ton per 
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shown in ~ g u r e  6 are the parer requirements for compressing the vapor 
feed, InitiaUy st 1 atmosphere, to a pressure where the bubble point of its conden- 
Sate is 100 F, and the cooling-water duty for subsequently condensing the partially 
compressed vapor. 
comes greater as the ammonia content of the feed increases above 25 per cent ammonia. 
This factor causes the power requirement to increase as the feed becomes increasingly 
rich in ammonia. 
causes the parer requirement to decrease. Consequently, the curve sharing the horse- 
power requirements will go through a maximum as seen in the slide. 
taining 25 per cent ammonia or  less can be tot- condensed at a pressure of 1 
atmosphere and,hence, the horseparer requirements reduce to the negligibly small 
amounts needed to pump the condensate into the twer. The cooling-water duty for con- 
densing the vapor decreases as the feed becomes increasingly rich in ammonia, owiw to 
the decreasing feed rate. 
convex shape at a composition of approximately 85 per cent ammonia because of the very 
rapidly decreasing heat of condensation of ammonia-water vapors richer than 85 per cent 
ammonia. 

As seen, the pressure to which the vapor must be compressed be- 

However, at the same time the feed rate decreases and t h i s  factor 

Vapor feeds con- 

The cooling-water duty curve changes f r o m  a concave to a 

f 

Sham in Figure 7 is the cooling-water duty re.quired to partially condense 
the vapor feed at atmospheric pressure to a temperature of 100 F (that is, to a con- 
densate containing 25 per cent ammonia) and the power requirement for compressing the 
vapor portion lea- the partial condenser to a pressure of 200 psig. 
what has been said earlier, the fraction of the feed leaving the partial condenser in 
the vapor state varies between 0 at a feed composition of 25 per cent ananonia and 1.0 
at a feed composition of 95.4 per cent ammonia. Hence, as the feed composition increases 
beyond 25 per cent ammonia, an increasingly large fraction of the feed must be compressed, 
but at the same time the total feed rate is decreasing. Hence, the horsepower curve is 
convex and goes through a maximum as seen. 
becomes increasingly rich in ammonia, both because the feed rate decreases and because 
for feeds richer than 25 per cent ammonia the fraction of the feed that is condensed 
also decreases with increasing ammonia concentration. 
for a feed composition of 95.4 per cent ammonia, since at this composition none of the 
feed is condensed. 

Consistent with 

The cooling-water duty decreases as the feed 

The cooling-water duty is zero 

Shown in Figure 8 is a comparison of the utility requirements for sending 
the feed, which is initislly a vapor at atmospheric pressure, to a fractionator operat- 
ing at 200 psig by means of Methods I, 11, and 111. 
separately later. 
entails the greatest consumption of power, as would be expected. Ifowever, since in 
Method I the feed is sent to the fractionator in the vapor state, it will entail the 
larest steam consumption in the fractionator. As explained earlier, Methods I1 and 
III have identical requirements for feeds containing less than 25 per cent anrmonia. 
For feeds richer than 25 per cent ammonia, Figure 8 shows that Method I11 entails a 
smaller condenser duty than does Method I1 because in Method 111 only part, rather 
than all, of the feed is condensed. It i s  also clear from Figure 8 that Method I11 
entails a smaller parer consumption than does Method 11. 
compression of a relatively smal l  amount of vapor through a relatively large pressure 
ratio, and Method II entails the compression of a relatively laxge amount of vapor 
through a relatively s m a l l  pressure ratio. 
parer consumption than Method 11 is not evident from any prior considerations but 
is a consequence of the particular properties of the auunonia-water system. 

Method IV will be considered 
Method I, in which a l l  the vapor is compressed from 0 to 200 psig, 

Method 111 entails the 

That Method III should require a smaller 

w i t h  the feeds now at 200 psig and at different thermal states depending on 

All fractionation requirements were based on producing 
the method used to elevate their pressure, it remains to calculate the utility require- 
ments for fractionating them. 
1 ton per hour of anhydrous ammonia and a water waste containing not more than 0.5 per 
cent mania. 
S a m t  ~ethcd since the widely different molar latent heats of ammonia and water 
-der the McCabe-Thiele Method inapplicable to this system. 

%e steam and condenser-duty requirements were calculated by the Ponchon- 
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hactionation requirements a re  usually calculated by first selecting an 
optimum reflux ratio. 
operating costs, a rule of thmb that i s  often used is  that the optimum reflux ra t io  
will be about 1.5 times the minimum ref lux rat io .  
guide for the ammonia-water system. 
number of theoretical plates. 

Although t h i s  cazl always be done by a balance of capi ta l  and 

!Chis rule was found t o  be' a poor 
A bet te r  guide was t o  first select an optimum 

Because of the very favorable vapor-liquid equilibrium of the ammonia-water 
system, it i s  extremely easy t o  fractionate ammonia from ammonia-water feeds, and it 
w a s  found tha t  a tower containing about 10 theoretical plates would require but slightly 
more steam and condenser water than would an inf in i te ly  high tower. 
providing the tower with more than 1 0  theoretical plates very l i t t l e  could be saved on 
steam and cooling water. 
substantially below 10, the steam and cooling-water ra tes  would begin t o  increase more 
quickly. For the purposes of this paper it i s  assumed that a tower containing 10 
theoretical plates represents an optimum installation. Consequently, the steam and 
cooling-water requirements were obtained by the Ponchon-Savarit Method t o  correspond 
t o  a fractionator containing 10 theoret ical  plates. For any given application it i s  
necessary t o  more accurately establish the optimum tower size. 

Therefore, by 

However, if the number of theoretical plates were reduced 

Sham i n  Figure 9 are the steam and condenser-duty requirements fo r  a 10- 
theoretical-plate fractionator, operating a t  200 psig and producing 1 ton per hour of 
auhydrous ammonia and a water waste containing not more than 0.5 per cent ammonia. 
Anhy&ous ammonia contains no more than 0.3 per cent water. For both al l - l iquid and 
all-vapor feeds, the steam ra te  and condenser duty decrease as the feed becomes richer 
i n  ammonia primarily because of the decreased amounts of feeds that need be handled. 
For an all-vapor feed, the condenser duty required is higher and the steam ra te  i s  
lower than for a liquid feed, as would be expected. For a l iqpid feed, the steam rate 
and condenser duty do not approach zero as the feed composition approaches 100 per 
cent ammonia. This is because as long as any fractionation a t  all i s  accomplished 
the feed m u s t  be vaporized end recondensed. 
reaches 99.7 per  cent ammonia, no fractionation would be needed and all reqeements 
would drop discontinuously t o  zero. 
zero as the feed composition approaches 100 per cent ammonia, since the feed already 
enters the column in a vaporized s ta te .  
does not approach zero as the  feed composition approaches 100 per cent ammonia since 
the vapor feed must a l w a y s  be condensed t o  produce liqv3.d anbydrous ammonia. 
mixed vapor-liquid feed l i n e  shown indicates the steam ra te  and condenser duty re- 
quired t o  fractionate feeds containing the proportions of liquid and vapor leaving 
the p a r t i a l  condenser i n  Method III. For each over-all feed composition, the fraction 
of the feed that will leave the p a r t i a l  condenser in the vapor s ta te  has been sham 
i n  FLgure 7. As explaFned ear l ier ,  and as shown, the mixed vapor-liquid feed w i l l  
become an all-liquid feed a t  a feed composition of 25 per cent ammonia, and w i l l  be- 
come an a - v a p o r  feed a t  a feed composition of 95.4 per cent ammania. 

O f  course, when the feed composition 

For a vapor feed, the steam ra te  approaches 

However, the condenser duty fo r  a vapor feed 

The 

From the u t i l i t y  requirements shown on the previous two slides, Figures 8 
and 9, the u t i l i t y  costs can be computed, the following assumed u t i l i t y  ra tes  being 
used.: 

Power at 1 cent per  kilowatt-hour 
Steam at 70 cents per  thousand pounds 
C o o l i n g  vgter at 2 cents per thousand gallons 

These twe average utility rates applicable t o  many plants. 

The cooling-water ra te  is ccunputed f x s p  the condenser duty on the basis of 
a codling-water r l s e  that w i l l  yie ld  a 10 F approach i n  the condenser. 
the allarable cooling-water r i s e  i n  the column condenser Vill be 10 F. For feeds con- 
taining more than 25 per cent ammonia, the  allowable cooling-water r i s e  i n  the feed 
condenser w i l l  also be 10 F because of the  manner in which these feeds a re  handled. 

Consequently, 

1 

I 

T 
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1 
\ 

Feeds leaner than 25 per cent m n i a  have a bubble point higher than 100 F and, 
therefore, can be condensed with 80 F cooling water in a condenser w i t h  a 10 F approach 
and a cooling-water r i s e  greater than 10 F. For these lean feeds, the allowable 
cooling-water rise was based upon a 10 F approach in the condenser, prodded that the 
outlet  codling-water temperature did not exceed 125 F. 

Shown in Figure LO a r e  the utility costs for producing 1 ton per hour of 

The steam cost for the column and the cooling-water cost for the column 
anhydrous ammonia from a vapor feed, initially at atmospheric pressure, 
Method I. 
condenser (curves 2 and 3) were computed from the vapor-feed-curves sham on the 
previous figure. 
power requirements sham earlier,  Figure 5, for compressing the vapor from 0 t o  200 ps&. 
AU o f t h e  u t i l i t y  costs increase and hence the t o t a l  u t i r r t y  cost increases as the feed 
becanes increasingly lean in emmonia, primarily because of the increasingly Larger 
araouut of feed that must be handled. 

m e a n s  of 

The parer cost for the compressor (curve 1) w a s  computed from the 

Shown in Figure l l  are the u t i l i t y  costs for producing 1 ton per hour of 
anhydrous ammonia from a vapor feed, initially a t  atmospheric pressure, by meam of 
Method 11. Feeds containing less  than 25 per cent samronia w i l l  have a bubble point 
higher than 100 F at atmospheric pressure and therefore can be tot- condensed without 
compression. 
for a feed containing 20 per cent ammonia that it is  for a feed containing 25 per cent 
ammonia, because of the greater cooling-water temperature r i s e  that i s  allowable for 
the leaner feed. As t he  feed composition becomes leaner than20 per cent ammonia, the 
cooling-water cost for the feed condenser increases, because of the overpuwering effect  
of the increasing feed rate. 
a l l a r a b l e  cooling-water temperature rise in the feed condenser w i l l  remain constant, 
since the vapor i s  a l w a y s  compressed t o  a pressure where the bubble point of i t s  
condensate is 100 F. Hence, the cooling-water cost for the feed condenser graduaUy 
decreases as the ammonia content of the feed increases above 25 per cent ammonia. 
steam cost for  the column and the cooling-water cost for the c o l ~ m n  condenser (curves 
4 and 3) were computed from the l iquid feed lines on the sl ide sharing the fractiona- 
t ion requirements, Figure 9. 
from the parer requirements, sbam earlier,  Figure 6 ,  for  compressing the vapor from 
atmospheric pressure t o  a pressure where the bubble point of i ts  condensate i s  100 F. 
It i s  seen that for lean feeds t h e  t o t a l  u t i l i t y  cost increases primarily as a result  
of the increasing steam cost for the column rather than as a result of increasing 
parer costs as in Method I. As the feed composition increases beyond 25 per cent am- 
monia, the parer cost for compressing the vapor increases more quickly than the steam 
and cooling-water costs decrease, and therefore the t o t a l  u t i l i t y  cost begins t o  in- 
crease. 
costs  then cause the t o t a l  uti l i ty cost t o  decrease. 
goes through a maximum at a feed composition of 45 per cent ammonia. %erefore, i f  the 
fractionation were performed as prescribed in Method 11, it would cost more t o  frac- 
tionate a vapor feed containing 45 per cent ammonia than a vapor feed con- 20 per 
cent anrmonia, both initially at atmospheric pressure. 
conclusion that it would be advantageous t o  di lute  the feed containing 45 per cent 
ammonia t o  a feed containing 20 per cent ammonia i n  a direct  condenser, total ly  condense 
it, and pump the condensate into the high-pressure fractionator. It i s  clear from 
Figure U. that t h i s  means of operation- be more economical than Method 11 for feed 
compositions covering the extent of the dotted l i n e  sham, namely from about 20 t o  75 
per cent ammonia. 
method, the t o t a l  u t i l i t y  cost involved w i l l  remsiP appro-telg constant at about $4 
per ton of ammonia produced. 

The cooung-water cost for the feed condenser (shown by cur‘rre 1) is  lower 

For feeds conti- more than 25 per  cent Bmmonia, the  

The 

The parer cost for the compressor (curve 2)  w a s  computed 

As the parer cost begins t o  level  out, the  decreasing steam and cooling-water 
Hence, the t o t a l u t i l i t y  cost 

This leads t o  the surprising 

If the fractionation of these feeds i s  acconrpllshrd by t h i s  dilution 

sham in Figure 12 are u t i l i t y  costs for producing 1 ton per hour of anhydrous 
ammonia from a vapor feed, i n i t i a l l y  at atmospheric pressure, by means of Method III. 
Feeds containing l e s s  than 25 per cent amonia can be totally condensed at atmospheric 
press- and hence no subsequent compression is required. The cooling-water cost for 
the feed d e n s e r  given by curve 1 decreases, then increases, and finallg decreases 
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again for generally the same reasons as given for Method II. The steam cost fo r  the 
column and the  cooling-water cost f o r  the colunn condenser (curves 4 ani 3) were computed 
from the mixed vapor-liquid feed curves sham i n  Figure 9. As the feed composition in- 
creases above 25 per cent anuuoda, the feed ra te  decreases and the fraction of the feed 
tha t  enters the fractionator as a vapor increases. 
increasingly rich i n  ammonia, the steam cost for the fractionator decreases more quickly 
than i n  Methods I and 11 and the  cooling-water cost for  the fractionator condenser 
decreases more slowly than i n  Methods I o r  11. 
of the feed entering the fractionator did not vary with the feed composition as it does 
i n  Method 111. The parer cost fo r  the  compressor (curve 2) was computed from the power 
requirements, sham ear l ier ,  Figure 7, fo r  compressing the vapor fraction leaving the 
p a r t i a l  condenser from 0 t o  200 psig. 
ammonia, the parer cost f o r  compressing the vapor increases. However, the power cost 
increases slowly enough so tha t  the decreasing steam and cooling-water costs are  not 
offset, and hence, the t o t a l  u t i l i t y  cost does not exhibit a maximum in  this range, but 
decreases slowly with increasing ammonia content in the feed. 

It was seen from the previous figures tha t  it is relatively expensive t o  

Consequently, as the feed becomes 

I n  Methods I and 11, the thermal s ta te  

As the feed composition increases above 25 per cent 

fractionate a lean vapor, e i ther  because of the compression cost i f  the vapor i s  com- 
pressed in to  the fractionator, F'igure 5, or  because of the steam cost i n  the fractionator 
i f  the vapor is  condensed and then pumped into the fractionator, Figure 9. In  Method N, 
the lean vapor i s  first sent t o  a prefractionator where it is  enriched t o  a composition 
that can still be readily condensed w i t h  available cooling water. The overhead from 
this first column i s  then pumped in to  the high-pressure fractionator t o  produce the 
anhydrous ammonia. 
heat already contained by the vapor can be u t i l i zed  in i t s  enrichment without incurring 
any compression costs. 
w i l l  prove t o  be most economical. 

If the lean vapor feed i s  handled in this manner, some of the la tent  

Hence, it may be anticipated tha t  fo r  lean vapor feeds Method IV 

Shown in Table I are the u t i l i t y  requirements and costs for producing 1 ton 
per hour of anhydrous ammonia by means of Method IV, from a saturated vapor feed a t  
atmospheric pressure containing 5 per  cent ammonia. 

Table I 

Requirements fo r  Producing Anhydrous Ammonia by Means of Method IV 
From a Vapor Feed Containing 546 Ammonia 

Basis: 1 ton per hour of anhydrous ammonia produced 

Pref ractionator : 
Pressure: 0 psig 
Feed: 
Dis t i l l a te  : 
Waste: Water containing O.Z$ auunonia 

Saturated vapor a t  o psig containing 546 ammonia 
Ammonia-water solution containing 158 ammonia 

Main Fractionator: 
Pressure: 200 p s i g  
Feed: 
Dist i l la te :  Anhydrous ammonia 
Waste: Water containing 0.5$ annaonia 

Saturated ammonia-water solution containing 154 ammonia 

Ut i l i t y  Requirements and Costs Per 'pon of Anhydrous Ammonia Produced 
Condenser Duty, Cooling Water Steam Rate, 
Millions of BTU Cost, $ Thousands of lbs 

Pref ract  i onat o r  43.6 2.33 1.4 

Total U t i l i t y  Cost = $7.06 
Main Fractionator 2.8 0.67 4.4 

Steam 
cost, $ 

0.98 
3.08 
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'Ilhe d i s t i l l a t e  composition of 1.5 per cent aarmonia, chosen for the prefractionator, 
results in the best balance of u t i l i t y  costs between the prefractionator and the main 
fractionator. 
the cooling-water cost fo r  the prefractionator condenser w o u l d  increase because of' the 
smaller allowable cooling-water temperature r i s e  that would result. 
leaner than 15 per cent ammonia, t he  steam cost f o r  the main fractionatorvould increase 
sharp*. 
which results from handling the vapor feed containing 5 per cent anrmonia by means of 
Method IV, I s  considerably less  than would result from handling the same feed by aqy 
other method. 

I f  the distillate composition were made richer than 15 per cent ammonia, 

If it were made 

AS seen in the next figure, the t o t a l  u t i l i t y  cost of $7.06 per ton of ammonia, 

Sham in Figure 13  is a comparison of the t o t a l  u t i l i t y  costs involved in 
producing 1 ton of anhydrous ammonia by each of the different methods considered. It 
i s  evldent that  for lean feeds a large economic incentive exists for prefractionating 
the feed as described in Method IV. 
a feed containing 5 per cent ammonia by this method is  $7.06. 
condensed and the condensate subsequently pumped into the high-pressure fractionator, 
as in Methods 11 and 111, a t o t a l  u t i u t y  c o s t  of $10.80 would result. 
feed directly into the high-pressure fractionator, as in Method I, would result  in a 
much higher cost than i s  involved i n  e i ther  of the two previously mentioned methods. 
In Method N the lean feed i s  enriched t o  15 per cent ammonia. Consequently, when the 
feed composition reaches 15 per cent ammonia, Method ?J reduces t o  simply condensing 
the feed and pumping the condensate into the high-pressure fractionator. As explained 
earlier,  for feeds containing l e s s  than 25 per cent ammonia, Methods II and III reduce 
t o  totally condensing the feed and pumping the condensate into the high-pressure frac- 
tionator. Hence, at a feed composition of 15 per cent ammonia, Method N w i l l  become 
identical  w i t h  Methods 11 and III. i 

The t o t a l  u t i l i t y  cost that resul ts  f romhandlbg 
~f this feed were to t a l ly  

compressing the 

Figure 13 shows that fo r  feeds containing more than 25 per cent ammonia, 
Method 111 i s  more economical than Method II. 
about 25 t o  75 per cent ammonia, it is more economical t o  first di lute  the feed t o  
about 20 per cent ammoaia, t o t a l ly  condense it, and pump the condensate in to  the high- 
pressure fractionator than it is  t o  handle the feed by means of Method 11. However, 
as can be seen, this method of diluting a rich feed to a composition that  can be total ly  
condensed a t  atmospheric press=. is never more economical than par t i a l ly  condensing 
the feed and then compressing the vapor leaving the pa r t i a l  condenser as is  done in 
Method 111. 
ammonia, Method I11 i s  identical  with Method I and the vapor i s  s i m p l y  compressed into 
the high-pressure fractionator. 

For feeds ranging in composition f r o m  

As explained earlier,  for feed compositions richer than 94.4 per cent 

If utility rates, cooling-water temperature, and steam pressure a re  significant- 
ly different from those assumed in t h i s  paper, not only will the u t U i t y  costs change 
but the preferred method for handlbg a feed of a given composition w i l l  a l s o  change. 
For example, i f  the fractionation is  perfopmi in a location where power costs are 
unusually high, the costs of Methods I1 and 111 w i l l  increase since both involve cam- 
pressing the vapor. 
can be total ly  condensed at atmospheric pressure and pumping the condensate into the high- 
pressure fractionator will remain approximately constant at the value indicated by the 
horizontal line, Figure 13. Consequently, where power costs are high, it would be more 
economical, a t  l ea s t  over some range of feed compositions, t o  di lute  a rich feed t o  a 
composition a t  which it could be t o t a l l y  condensed rather than h u d l i n g  it by means of 
Method m. The same procedure would also be used if the available cooling-water 
temperature I s  rmusually high, f o r  it would become necessary t o  operate the frac- 
tionator at a pressure significantly higher than 200 psig t o  condense the anhydzou~ 
ammonia. 
crease, and it might be most economical t o  dilute a rich feed to a composition tha t  could 
be total ly  condensed at atmospheric pressure. 

However, the cost of diluting the rich vapor t o  a composition that 

Consequently, the compression costs involved in Methods 11 and III vill in- 
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summary 

For the cooling-water temperature, steam pressure, and u t i l i t y  ra tes  chosen 
i n  this paper, the preferred methods of producing anhydrous ammonia from ammonia-water 
vapors initially a t  atmospheric pressure are as follows: 

1. Feeds containing l e s s  than 15 per cent ammonia are f i r s t  sent t o  a 
prefractionator operating at atmospheric pressure i n  which  they are enriched t o  a 15 
per cent ammonia overhead. 
into the main fractionator operating at 200 psig t o  produce anhydrous ammonia. 

The d i s t i l l a t e  from the prefractionator is then pumped 

2. Feeds containing from 15 per cent ammonia t o  25 per cent ammonia are  
to t a l ly  condensed a t  atmospheric pressure, and the condensate i s  pumped into a frac- 
tionator operating at 200 psig t o  produce anhydrous ammonia. 

3. Feeds containing from 25 per cent ammonia t o  95 per cent ammonia a re  
f i r s t  par t ia l ly  condensed at atmospheric pressure t o  a temperature of 100 F. 
condensate and vapor leaving the p a r t i a l  condenser are then pumped and compressed, 
respectively, into a fractionator operating a t  200 psig t o  produce anhydrous ammonia. 

B e  

4. Feeds richer than 95 per cent ammonia are  compressed into a fractionator 
operating at 200 psig t o  produce anhydrous ammonia. 
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